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TITLE OF THE INVENTION 

DIGITAL TAPE DRAWING SYSTEM 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a Continuation application of application Serial Nunnber 09/406,088. 
filed September 24, 1999, now allowed and incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention is directed to a computer tool designed to enhance and replace 
the physical tape drawing process used in design studios and, more particularly, is directed to 
tool operation on a large scale display screen, with two handheld input sensors which allows for 
a smooth modeless transition between creating straight lines and curves. 

2. Description of the Related Art 

[0003] Designers in the automobile industry have traditionally created concept sketches of 
cars on large scale upright surfaces (walls) that preserve a 1-1 or "full-size" scale factor 
between the sketch and the final physical car. The main reason for these full-size upright 
sketches is that designers and managers want to determine and evaluate the principle curves of 
a design as early as possible in the design process. Working at 1-1 scale is critical to this, if 
one wants to avoid the unpleasant "surprises" that might otherwise occur if work were done at a 
reduced scale or on a conventional CRT, for example. While these measures may seem 
extreme, it is important to recognize that the product being designed could cost up to $1 billion to 
bring to market. As such, minimizing mistakes is of utmost importance. 

[0004] An interesting aspect of these concept sketches is that they are created not by using 
pencils and paint, but mainly by laying down black drafters tape that feels like common masking 
tape on the drawing surface. 

[0005] This style of sketching with drafters tape, called "tape drawing", is achieved by using 
the everyday skills of unrolling the tape with one hand and sliding the other hand along the tape 
while fastening it on the surface. Even though the mechanics of this naturally two-handed 
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technique are easily explained, the artwork created by experienced practitioners reflects a level 
of skill that is on a par with any other artistic medium. 

[0006] Tape drawing has several fundamental advantages over free-form sketching with a 
pencil, given the large scale size of the sketches. Firstly, it is difficult to draw, freehand, straight 
lines and smooth continuous curves at this scale. Physical aids such as rulers and french 
curves would assist the process, however, they would have to be of similar large scale which 
unfortunately makes them unwieldy for upright use. Drawing with tape, on the other hand, 
easily facilitates the generation of perfectly straight lines and, due to the slight elasticity of the 
tape which allows it to be deformed, smooth continuous curves as well. The freehand nature of 
the interaction is maintained, and yet the tape's capabilities help regulate the user's actions to 
allow for creation of smooth continuous lines. In addition, tape drawing has the benefit of easily 
undoing actions and editing compared to drawing with pencils or markers. An undo is achieved 
simply by lifting the tape off the surface. Editing is performed in two ways: first, by lifting the 
tape off the surface and relaying it, and second, by tearing off strips of tape and replacing the 
strips with new tape as required. 

[0007] While the advantages inherent in drawing with tape have ensured its place in the 
automotive design process, there are nonetheless several problems with this medium. 

[0008] Firstly, of all the artists working on the initial design, the skill of the tape artist is the 
farthest removed from traditional computer graphics systems, and yet, the results of their work 
must eventually be transferred into the computer. While the resolution and fidelity of the tape 
from both the input and output perspectives are extremely high, there is no easy way to retain 
this fidelity when transferring the information to electronic formats. Currently, this transfer 
process is done laboriously by digitizing the key curves of the tape drawing using a hand-held 
position sensor and then recreating these curves in a CAD package. This transfer process 
invariably introduces inaccuracies in the electronic version which then have to be identified and 
removed. Also, since designers create multiple 2D tape drawings which represent different 
views (such as a front view and side view) of the under-lying 3D vehicle, these 2D drawings 
have to be integrated when creating the final 3D model of the vehicle. This integration requires 
careful alignment and matching of the primary curves of the model, a process that can also 
introduce errors. 
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[0009] The second major problem with tape drawings is the difficulty in storing and retrieving 
old drawings. These drawings are typically done on stretched Mylar surfaces which when 
untacked or removed from the wall contract and distort the drawing. Yet, this must frequently be 
done to accommodate changes in the engineering drawings that typically underlay the Mylar 
surface on which the tape drawing is done. Once the drawing is taken down, the purity and 
accuracy of the original drawing cannot be maintained. Also, the tape itself tends to fall off the 
Mylar surface after a period of time. 

[0010] Finally, the physical nature of these drawings preclude easy sharing of design 
information between different design studios. 

[0011] What is needed is a digital tape drawing system that will alleviate these disadvantages 
of physical tape drawing and which would reduce the errors when transferring, retrieving and 
storing the tape drawings. An electronic system could also provide functionality beyond what is 
possible using the traditional media. 

[0012] However, given the aversion of most tape artists to current computer modeling 
software that require them to leam new skills unrelated to their art, what is needed is a system 
that will retain the simplicity, fluidity, and capabilities of the physical tape drawing techniques. 

SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to provide a digital tape drawing system that 
has the capabilities of drawing with physical tape on a large surface. 

[0014] It is another object of the present invention to provide a system that allows drawing 
with a bimanual user interface which allows a user to use both hands to draw. 

[0015] It is a further object of the present invention to provide a system that allows mode 
switching without an explicit mode switching operation. 

[0016] It is also an object of the present invention to provide mode switching responsive to 
proximity or closeness of the input devices to each other in the interface. 

[0017] It is an object of the present invention to provide a user interface and display system 
of a large scale suitable for drawing large objects, such as automobiles, at a 1 to 1 scale. 
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[0018] It is also an object of the present invention to provide mode switching that is 
dependent on which combination of hand(s) are moving at a given time. 

[0019] It is another object of the present invention to provide a system that allows for 
drawing of both curves and straight lines without an explicit mode switch. 

[0020] It is also an object of the present invention to provide a system that allows the 
smoothness and continuity of curves to be controlled directly and simply by using the input 
gestures of the user's two hands. 

[0021] The above objects can be attained by a system that provides a bimanual user 
interface in which an input device is provided for each of the users hands. The input devices 
are used in conjunction with a large format upright display at which the user can stand. The 
system detects the position of the input devices relative to the display and draws unfastened 
tape between positions of cursors corresponding to the input devices. By changing the state of 
the input devices the unfastened tape can be fastened or pinned and unfastened as the user 
moves one or both input devices relative to each other. During pinning, as the pinning hand 
moves toward the non-pinning hand, corresponding portions of the unfastened tape are pined. 
During unfastening a similar correspondence between the reverse movement of the input 
devices and the unfastened tape occurs. Straight lines are drawn by holding the non-pinning 
hand fixed while the pinning hand pins the tape. Curves are drawn by moving the non-pinning 
hand while the pinning hand pins the tape. The switch between straight and curved lines occurs 
without an explicit mode switch simply by keeping the non-pinning hand fixed or moving it. The 
radius of the curvature of curved lines corresponds to the separation between the hands as well 
as the magnitude of simultaneous movement of the two hands. A single input device can also 
be used to cut the tape and remove it from the display. 

[0022] These together with other objects and advantages which will be subsequently 
apparent, reside in the details of construction and operation as more fully hereinafter described 
and claimed, reference being had to the accompanying drawings forming a part hereof, wherein 
like numerals refer to like parts throughout. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the hardware components of the invention. 
Figure 2 is a state diagram of the states of the operations performed by the present 
invention. 

Figures 3A and 3B show unfastened tape drawing. 

Figure 4 illustrates the operations performed in drawing unfastened tape. 

Figures 5A-5D show tape sticking, unsticking and terminating. 

Figure 6 illustrates the operations in tape sticking or fastening. 

Figure 7 illustrates the operations of tape unsticking or unfastening. 

Figure 8 illustrates the operations in tape termination after sticking. 

Figures 9A-9E show curve and straight line drawing without explicit mode switching. 

Figures 10A-10D show tape cutting. 

Figure 11 illustrates the operations in tape cutting. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] The present invention alleviates the disadvantages of a traditional tape drawing 
technique, while retaining its advantages. The invention preferably includes a large scale 
display screen and a virtual tape displayed on the screen. Two input devices are preferably 
used to control the tape: the left hand device controls the "pinning" point of the tape, while the 
right hand device "dispenses" the tape. Thus, a virtual tape is formed between the two hands. 
The virtual tape preferably is presented as a straight line, however, it conceivably could be a 
higher order curve. A button on the left hand (LH) device (or pinning device) allows for 
lines/curves to be drawn on screen while the button is pressed. A button on the right hand (RH) 
device allows for editing (or cutting) of tape segments. Several important features resulting from 
the invention are described below. 

[0024] The invention provides a technique for creating straight lines and curves that allows a 
smooth, modeless transition between these two types of lines. Current computer drawing 
techniques allow for either curve drawing OR line drawing as separate tools/modes. The 
invention allows both to be done within one tool. This is achieved by using two input sensors, 
one operated by each hand. Mimicking the manipulations of physical tape, the right hand 
sensor stretches the "virtual tape", while the left hand sensor is used to pin down portions of the 
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virtual tape. This pin position is constrained to lie along tlie virtual tape from the LH to the RH 
sensor. To draw a straight line, the right hand sensor is kept stationary, while the left hand 
sensor runs along the virtual tape towards the RH, pinning it. The pinning action extends the 
current line. To draw a curve, both hands are moved simultaneously. 

[0025] The invention allows a smoother curve to be produced than can be obtained by simple 
free-hand sketching. The existence of a virtual tape vector (from left hand sensor to right hand 
sensor) ensures that each pinned data point lies on this vector. Thus, the direction of the virtual 
tape vector constraints the range of pinning positions. The length of the virtual tape vector also 
allows for varying the smoothness of the generated curve. This is because the input gesture 
space is "damped" as the vector gets longer. The length of this vector can be controlled in 
several ways. In a two-handed operation mode, the non-dominant hand (LH) controls the "pin" 
pivot point and the dominant hand (RH) controls the "tape" pivot point. Holding the "tape" pivot 
point stationary and moving the "pin" pivot point towards the "tape" pivot point shortens the 
vector, while moving the "pin" pivot point away from the "tape" pivot point lengthens the vector. 
Similarly, holding the "pin" pivot point stationary and moving the "tape" pivot point shortens or 
lengthens the vector depending on direction of movement. In a one-handed operation, handles 
on a graphical widget (manipulator) holding both sensors are dragged to change vector length 
(or any other valuator input device can be used, e.g., dial box). 

[0026] The advantages over the traditional tape drawing technique are that the virtual tape 
curves can be stored/retrieved electronically in various formats (NURBS, polylines, etc), and 
easily transferred to CAD packages. Background images (engineering criteria) can be easily 
overlaid/underlaid to serve as reference material for the designer. More complex editing 
operations (changing tape width, color) can be included. As well, predefined components or 
templates of commonly used parts or shapes (e.g., wheel well of cars, bumpers) can be 
imported from a library. This alleviates having to recreate standard items repeatedly. 

[0027] The hardware components of the system 10 of the present invention, as depicted in 
figure 1, preferably include a work station type computer 12, such as a Pentium II™ class 
machine running Microsoft Windows"^"^, capable of using a rear screen projector 14 to project an 
image being drawn onto screen 16 which is viewed from a side opposite the projector 14. Most 
automotive design studios have a variety of large scale vertical computer display systems, often 
called "power-walls." These power-wall displays use state-of-the-art rear or front projection 
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technology. Very high resolution is achieved by using multiple projectors side-by-side with a 
slight overlap in images to create a single seamless large image. Image size can range from 
8x6 to 50x10 feet. These displays are typically used to display full-size images of car designs 
during the design and engineering process. These existing displays can be used as an output 
medium as well as a surface for digital tape drawings. A typical system could use a 
Hughes/JVC G1000 digital projector with a true 1280x1024 image back-projected onto a 
collapsible 8x6 ft. screen. The 8x6 ft. screen generally represents a minimum power-wall size, 
is on a scale equivalent to the size of a man, and is sufficient to implement the tape drawing 
interaction techniques described herein that utilize large scale gestures. Large format plasma 
display screens used in HDTV applications can also be used as the display 16. The invention 
can also be implemented using much smaller screens such as those found on desktop 
computers or laptops can also be used. The computer also includes storage, such as disk 
storage, suitable for storing and distributing the processes of the present invention. 

[0028] Since tape drawing naturally uses both hands, the invention needs to be able to sense 
the position of both hands on the display surface. There are several solutions to this sensing 
problem. These include optical tracking techniques, the use of a transparent digitizing tablet on 
the display surface, touch sensitive transparent display surfaces, and electromagnetic/ 
ultrasonic trackers. The present invention preferably uses an electromagnetic tracker system 
having a left hand (LH) position tracker 18 and right hand (RH) position tracker 20 whose 
positions are sensed by a position sensing module 22. The trackers preferably are held at the 
surface of the display 16 or actually moved (slid) against the surface of the display 16 and 
cursors corresponding to the trackers are created on the display 16 at the position of the 
trackers on the display. The trackers can also be held at some distance from the display 16 but 
this is not preferred because the correspondence between the position of the tracker and the 
associated cursor becomes less apparent to the user. A suitable position tracking system is the 
Ascension Flock-of-Birds six degree-of-freedom electromagnetic tracker system available from 
Ascension Technologies Inc. Each tracker 18 and 22 is augmented with a switch used to 
control the effect of the tracker during the drawing process, as will be discussed in more detail 
later herein. 

[0029] A first need of a digital tape drawing system is the ability to lay down digital tape 
segments on the display/drawing surface. The invention replicates, as closely as possible, the 
capabilities and characteristics of the physical tape laying process. In the physical media, the 
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right hand (or dominant hand) unrolls the tape, while the left hand (or non-dominant hand) slides 
along the tape while fastening it to the surface. To create a continuous smooth line, tension in 
the tape must be maintained between the two hands. If the right hand is held steady while the 
left hand fastens, the result is a straight line. The segment of unfastened tape between the two 
hands can serve as a preview of the line. Curves are obtained by simultaneously moving the 
right hand in an appropriate arc while fastening with the left hand. 

[0030] These techniques are preserved in the digital tape laying system, of the present 
invention. The present invention operates in a number of different states, as depicted in the 
state diagram of figure 2, that are determined by the positions of buttons on the position 
trackers 1 8 and 20 where LB indicates that the left hand button is up or not activated (b=0). 
LB indicates that the left hand button is down or activated (b=1) with similar symbols for the 
right hand. 

[0031] The first state 32 is the stretch tape state and involves the "stretching" of tape from 
the cursor O on the display 16 representing the position of the LH tracker 18 to the cursor X 
representing the RH tracker 20 on the display 16. If "black" tape is being used this stretched 
tape or unfastened tape segment shows up on the display as grey or what could be called the 
shadow of the tape since it is emulating the tape being held in the air apart from the board 
before it is attached to or stuck to the board. The operations in state 32 will be discussed in 
more detail later with respect to figures 3A-3B and 4. 

[0032] The second state 34 Is the stick tape state where the stretched tape is stuck to the 
display by the left hand (tracker 18) moving along the unfastened tape toward the right hand 
(tracker 20). At the points where the tape is attached or "fastened" to the board the unfastened 
tape is converted into "black" tape. The operations in this state will be discussed in more detail 
with respect to figures 5A, 5B and 6. 

[0033] The third state 36 or terminate tape strip state is where the user has decided that this 
segment of tape is to end on the display 1 6. This is similar the user tearing off the end of the 
tape at the end of a taped line. The operations in this state will be discussed in more detail with 
respect to figures 5D and 8. 
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[0034] The stick/unstick state 38 is a state where tape that has been attached to the display 
can be "pulled" off and reattached. The operations in this state will be discussed in more detail 
with respect to figures 5C, 6 and 7. 

[0035] The cut tape state 40 Is a state where a section of tape that has been attached to the 
display is removed and will be discussed in more detail with respect to figures 1 0A-1 OD and 1 1 . 

[0036] In the laying of tape on the display, by default, the right hand controls a cursor which 
represents the roll of tape where this "roll-of-tape" cursor is represented by an "X" (see figure 3A 
and 3B). The left hand controls a second cursor representing the end of the unfastened tape 
where this "end-of-tape" cursor is represented by "O". Both cursors are controlled in a 1-1 
manner by the trackers 18 ("O") and 20 ("X") which operate in an absolute, linear position 
control mode. A segment 44 of digital tape, represented as a polyline, always extends between 
the two cursors from the left hand cursor O to the right hand cursor X. This is referred to as the 
unfastened tape segment. The digital tape is preferably represented as a 1cm thick line on the 
preferred display 16. Moving the two hands around effectively moves the unfastened tape 
segment on the screen. The distance between the two hands determines the length of this 
unfastened tape segment. Figures 3A and 38 illustrate unfastened tape segments 44 (dashed 
lines) extended between the two cursors when the tracker buttons are not pressed (b=0). The 
length, position, and orientation of this unfastened tape segment can be changed by moving the 
cursors as shown by comparing figures 3A and 38. 

[0037] The operations in the stretch tape state 32 are depicted in figure 4. Note that the 
actions performed are shown in the form of flowcharts operations for convenience of description 
whereas it is preferable that the operations be performed in an interrupt based environment 
where the operations are not necessarily performed in the order shown. Additionally, operating 
in the background, but not shown, are routines that monitor for changes in position of the 
buttons on the tracker as well as monitor for changes in position of the trackers 18 and 20 
themselves. When one or both of the trackers have moved, the system determines 62 (see 
figure 4) the new positions of the corresponding cursors and displays them at the new positions 
on the display 16. The system then calculates 64 a vector from the left hand cursor (O) to the 
right hand cursor (X) in display space and creates a display line between the cursors along the 
vector between the cursors. As a result, each time a tracker is moved the unfastened tape 
segment moves while in this state 34. 
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[0038] To "fasten" portions of the digital tape, the left hand presses the button on its tracker 
(left hand button b=1) putting the system into the "fasten mode." This corresponds to the act of 
pressing down on the tape in the physical version. Releasing the left hand button (b=0) cuts the 
tape currently being laid at the position of the left hand cursor, as will be discussed below. 

[0039] In a manner similar to drawing with physical tape, straight lines are created by holding 
the right hand steady while the left hand, with tracker button pressed, slides along the 
unfastened tape segment towards the right hand, fastening the tape as it moves. While in the 
physical version the tape itself serves as a constraint for creating straight lines, the digital 
version of the present invention enforces this constraint in software by restricting the left hand 
cursor to move only along the unfastened digital tape segment 44, towards the right hand cursor 
(X). This ensures that once digitally fastened, the digital tape cannot be unfastened 
inadvertently (without invoking an edit operation to be described later). If the absolute left hand 
tracker position strays from the unfastened digital tape segment, the left hand cursor position is 
determined by a simple projection of LH tracker position to the nearest point on the unfastened 
tape segment. This is illustrated in figures 5A-5D. 

[0040] To start taping a straight line, the left hand tracker button is pressed (LH, b=1), as 
shown in figure 5A. Keeping the right hand in a fixed position, the left hand lays down tape 74 
as it slides along the unfastened tape segment 44 between the two cursors, as shown in figure 
5B. Movement of the left hand cursor is constrained to the (closest point on the) unfastened 
tape segment in the direction towards the right hand cursor. A tape segment can be unfastened 
(undo) by pressing the right hand tracker button (RH, b=1) and backtracking along the 
previously laid tape with the left hand as shown in figure 5C. That is, the left hand is moved 
backward along the path of the fastened tape. Again, the movement of the left hand cursor is 
constrained to the closest point along the fastened tape segment. Releasing the left hand 
tracker button (LH, b=0) cuts the tape at the location of the left hand cursor, as shown in figure 
5D, and returns the system to the default state shown in Figures 3A and 3B. 

[0041] When fastening tape in state 34, the system, upon the detection of the movement of 
the left hand tracker 18, determines 82, as shown in figure 6, whether the left hand tracker 18 
(or cursor 0) is moving toward the right hand tracker 20 (or cursor X). If not, such as the left 
hand is moving away, no action occurs. If the left hand tracker 18 is moving toward the right 
hand tracker 20, the system determines 84 the closest point on the unfastened tape 44 to the 
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current position of the left hand tracker. This point on the unfastened tape is compared to the 
most recent point of fastened tape 74 (solid line) or the cursor O and the segment of unfastened 
tape in between the closest and most recent points is converted 86 from unfastened tape 44 to 
fastened tape 74 and the cursor is moved to this closest point. 

[0042] When unsticking tape in state 38 (see figure 7), the system, upon the detection of the 
movement of the left hand tracker 18, determines 92 whether the left hand tracker 18 (or cursor 
O) is moving away from the right hand tracker 20 (or cursor X). If not, such as the left hand is 
moving toward the right hand then the stick state of figure 6 occurs 94. If the left hand tracker 
18 is moving away from the right hand tracker 20, the system determines 96 the closest point on 
the fastened tape 74 to the current position of the left hand tracker. This point on the fastened 
tape 74 is compared to the most recent point of unfastened tape 44 or the cursor O and the 
segment of fastened tape in between the closest and most recent points are converted 98 from 
fastened tape 74 to unfastened tape 44 and the cursor O is moved to the end of the fastened 
tape line. 

[0043] As shown in figure 8, when in the terminate tape state 36, the system determines 102 
the closest position of the left hand tracker 18 to the fastened tape 74 and detaches 104 the 
cursor from the end of the fastened tape line and positions the left hand cursor O under the left 
hand tracker 18 or at a corresponding offset position as desired. 

[0044] Creating curves with the invention mimics the physical equivalent. Unlike the creation 
of straight lines, both hands must move at the same time. Thus, the unfastened tape segment 
moves while the left hand fastens the tape. The length of the unfastened tape segment (or the 
length of the vector between the left and right hands cursors/trackers) effectively serves to 
regulate the smoothness of the resulting curve. Since the left hand cursor is constrained to 
move along the unfastened tape segment, a longer segment effectively reduces the range of 
movement of the fastening point controlled by the left hand, resulting in smoother curves (i.e., 
curve whose tangent changes gradually). A short (approaching zero) unfastened tape segment 
length reduces the technique to the equivalent of free-hand sketching with the non-dominant 
hand. A zero or approaching zero vector length occurs when the trackers are at the same 
relative position on the display - possibly physically on top of each other. An interesting aspect 
of this technique is that it effectively uses constrained two-handed gestures to control the 
smoothness of curves. In contrast, most computer tools for generating curves rely on 
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mathematical approaches for specifying smoothness. For example, holding both trackers in a 
single hand so that there is a fixed distance between the trackers damps out random hand 
movements during freehand drawing. 

[00451 To start taping a curve, the left hand tracker button is pressed (LH, b=1 ), as depicted 
in figure 9A. While moving the right hand (the X cursor), the left hand (cursor 0) lays down tape 
as it slides along the unfastened tape segment between the two cursors as shown in figure 9B. 
That is, in making a curve both the left and the right hands are moving simultaneously which is 
in contrast to laying a straight line where the left hand moves while the right hand stays fixed. 
Movement of the left hand cursor is constrained to the (closest position on the) unfastened tape 
segment in the direction towards the right hand cursor. A long unfastened tape segment results 
in smooth curves with a gradually changing tangent, such as shown in figure 9B. Reducing the 
length of the unfastened tape segment, as shown in figure 9C, permits the generation of higher 
variation curves with a more rapidly changing tangent. The length of the unfastened tape 
segment can be changed on-the-fly simply by moving the two cursors (and corresponding 
trackers) closer or farther apart. Switching from taping curves to taping straight lines is 
achieved by simply keeping the right hand cursor in a fixed position while taping with the left 
hand, as shown in figure 9D. An explicit mode switch is not required. Releasing the left hand 
tracker button cuts the tape, as depicted in figure 9E. 

[0046] From the perspective of two-handed interaction, the tape laying techniques of the 
present invention are powerful in that they allow for the generation of straight lines and curves 
without a conventional mode switch action such as the pressing of a switch or the selection of a 
menu item. The simple act of moving or not moving the right hand while the digital tape is 
being fastened determines whether a straight line or curve is generated. That is, a mode switch 
between curves and straight lines (and visa versa) occurs via a motion associated with drawing 
rather than a motion associated with selection. 

[0047] As with laying down tape, the invention's editing operations also emulate the physical 
process. First is the ability to undo the tape currently being laid down. In the physical media, 
the artist simply has to pull the tape off the surface. In practice, the lack of physical adhesion of 
the digital tape (we have virtual adhesion) results in users not always operating directly on the 
display surface, but often hold their hands and "float" a few inches above the surface. Thus, the 
undo operation preferably requires that the user explicitly press the button on the right hand 
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tracker (RH, b=1). This allows the left hand to pull back on or detach the fastened tape. Since 
the left hand must be in "fasten mode" (i.e.. its tracker button is pressed - LH. b=1), it can 
quickly relay the tape if desired. 

[0048] The second editing operation is cutting of tape segments and is the cut tape state 40 
of figure 2. Similar to cutting physical tape, the digital version requires that the user specify two 
cut points on the tape. This is done by pressing the right hand tracker button, with the left hand 
tracker button not pressed (i.e., it is not in "fasten mode'), and specifying the two cut points in 
turn. When the second cut point is specified, the tape segment of a curve between the two 
points is removed. At any time, a partially executed cut operation can be aborted by pressing 
the left hand tracker button and returning to "fasten mode." 

[0049] As shown in figure 10A, when not in tape laying mode (i.e., the left hand tracker 
button is not pressed - LH, b=0), pressing the right hand tracker button (RH, b=1) engages the 
cut mode. The left hand cursor (O) is hidden. With the right hand button pressed, the right 
hand makes the first cut point 124 by moving the right hand cursor (X) across the tape as shown 
in figure 10B. When the second cut point 126 is specified by again passing the cursor (X) over 
the tape, the tape segment between the two cut points is removed as shown in figure IOC. The 
process can be repeated to cut additional tape segments if desired. Releasing the right hand 
tracker button completes the cut operation and returns the system to the default stick tape mode 
with both cursors displayed as shown in figure 10D. 

[0050] In performing the cutting operation, the system monitors for and detects 132 the first 
cut point by detecting the intersection of the right hand cursor X with the fastened tape 74 as 
shown in figure 1 1 . The second cut point detected 1 34 is the next intersection point of the 
cursor X and the tape 74. When the second cut point is determined the system removes 136 
the tape between the two cut points on the curve. 

[0051] In traditional tape drawing, tapes of various widths are used to create various effects. 
For example, a thick physical tape is harder to bend during the laying of a curved tape section 
than thin tape allowing smoother large radius curves to be created with thicker tape. The width 
of the tape determines the degree to which the tape that is being stuck on a board can be bent 
in a direction perpendicular to its width without tearing. This stiffness limitation is simulated in 
the present invention by limiting the maximum amount of rotation of the vector going from the 



13 



15-4-828.00/1 252. 1023C 



pinning hand to the non-pinning hand from its original position to an amount corresponding to 
1/w where w is the width. Tape width changes can be accomplished by changing the tape 
parameter or using a different set of input devices. 

[0052] The tensile strength of physical tape also limits the ability of the tape to bend. This 
can also be simulated in the present invention by providing a tensile strength parameter that 
inversely controls the allowed amount of bending of the tape to the width discussed above. 
That is, with the bending or maximum rotation of the vector limited by 1/t where t is the tensile 
strength, the system provides tape limited by tensile strength. 

[0053] In addition to the core operations of laying and editing tape, the present invention also 
support several additional operations. Traditional tape artists typically draw on a surface with an 
underlaid grid. The invention provides a similar functionality by conventionally displaying a 
reference grid on the large scale display 16 that can be toggled on/off via a keyboard. Also, 
tape drawings are often made with reference to engineering specifications (called the 
"engineering package") that delimit the unchangeable dimensions of a car=s components. The 
designer has to work within this engineering framework. In the physical media, this package 
information is simply printed onto large size paper and attached to the tape drawing surface. 
The invention provides this functionality in two ways. First, the system has the ability to 
conventionally import this information which is then displayed as a background image in the 
large screen projection. Second, in the invention, the background of the tape drawing 
application window is conventionally made transparent and thus tape drawings can be created 
on top of any other application window. This allows for drawings to be created right over the 
application used to create the engineering package and, thus, on the top of previously existing 
drawings. The invention also provides the ability to save and load tape drawings to/from files 
using conventional file saving techniques. The file format can be read by other 3D automotive 
modeling applications, such as Alias Autostudio™. 

[0054] The present invention provides for seamless mode switching that could be applied to 
other two-handed systems. Based on whether the two cursors are moving simultaneously or in 
sequential manner, the invention (implicitly) switches between two modes (in the present case, 
drawing straight lines or curves). In addition to using the temporal characteristics of the motions 
of the hands, the relative proximity of the hands is also used to invoke or switch to different 
functionality. For example, when drawing curves in the present invention, keeping the hands 
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(trackers) close together results in high variation curves, whereas moving them apart resulted in 
smooth, gently varying curves. Another possible use of this proximity information is to display 
(perhaps by gradually fading in) a palette or menu when the hands are close together. 

[0055] Alternative input technologies can be used rather than the electromagnetic senor 
system previously discussed. Wireless mice can be used. Hand held styli or light pens could 
also be used. If the display screen includes a touch sensitive input screen, such as can be 
attached to a plasma display panel, the fingers of the user could act as the input devices. The 
input devices could be provided with more than one button each which would allow the user to 
cause other actions to occur such as the popping up of a transparent menu or window adjacent 
to one of the users hands allowing the other hand to be used to select items from the menu. 

[00561 The system can also be implemented on a desktop computer system using a CRT 
display screen and two input devices such as two pens on a digitizing tablet. 

[0057] The cursors can be displayed directly beneath the absolute tracker position as 
discussed previously herein. However, depending on the position of the user this may result in 
the user's hand obscuring the cursor. To solve this problem the cursor is offset by a fixed 
distance from the hand/tracker. 

[0058] Some users may object to the loss of physical tension between the two hands that is 
afforded by physical tape. Tensioning devices such as retractable tapes and elastic bands can 
be used to simulate this tension. In this embodiment an elastic band is attached between the 
trackers 18 and 22, 

[0059] Users may sometimes find it difficult to join tape segment ends accurately. This can 
be solved by features like smart snapping of endpoints when desired which involves causing a 
tape end to move to the closest endpoint when a join operation is in progress. 

[0060] A curve inspection technique, called "sighting down the curve" is commonly used in 
the physical media to check the smoothness of the curve. While it is possible to "sight down a 
curve" on the large scale display in the digital tape drawing system of the invention, a projection 
screen having a slight convex curvature facilitates this inspection operation. 
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[0061] Using a pop-up menu or transparent underlay menu or tool palette, the user can be 
given access to sophisticated editing and painting facilities which would allow for advanced 
rendering effects such as air-brushing along the edges of curves, to create stylized renderings 
and cutting tools. 

[0062] More sophisticated interaction techniques that go beyond mimicking traditional tape 
operations and properties can also be provided. For example, some curve editing tools found in 
desktop applications, such as tangency manipulators, would work on a power wall such as 
created with the present invention. 

[0063] To compare two tape drawings, a common drawing scale can be used. This allows 
two or more tape drawings to be superimposed and compared as well as facilitates reusing 
portions of the drawings. 

[0064] The tape drawing system of the invention can be integrated with existing curve and 
surface evaluation computer packages. 

[0065] The invention can be extended to offer traditional drawing tools such as circles and 
rectangles which would be a time saving. Importing and displaying clip art and images (e.g., 
wheels, hub caps, interior console components like vents, stereo controls, basic materials like 
leather, vinyl, etc.) to augment the tape drawing is within the capabilities of the system. 

[0066] A "ruler" mode can be provided that would measure the distance between the two 
trackers in the current tape drawing scale. This would allow the creation of accurately scaled 
drawings. 

[0067] A flood "fill region" feature which fills in the space between tape lines with a specified 
fill, such as a color, reduces the time required for the often quite laborious creation of a fill using 
strips of physical tape. 

[0068] A symmetry drawing mode can be added which would lay down duplicate mirror- 
based curves given a predetermined input plane. This is motivated by the fact that many 
components in a car have symmetrical counterparts (e.g., two headlights). 

[0069] The present invention changes from not pinning to pinning by activating the button on 
the left hand input device. The change in state can also initiated in other ways such as with 
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pressure. For example, touch sensitive screens can sense pressure where a high pressure 
could indicate a state change. 

[0070] The present invention has been described with respect to using "digital" tape and a 
display upon which the tape is displayed. It is also possible for the trackers to be incorporated 
into a physical tape dispensing devices for unrolling physical tape and into a roller for pressing 
the tape onto a tape drawing board. The physical tape could be applied to a tape drawing board 
as in conventional tape drawing while the trackers could be used to capture the laying of the 
electronic equivalent of the tape as previously discussed. 

[0071] The present invention has been described with respect to a single user laying tape at 
one time. It is possible for multiple pairs of input devices to be used at one time allowing a 
number of different designers to input at the same time. The tape laid by each of the individuals 
can be distinguished by color. 

[0072] The many features and advantages of the invention are apparent from the detailed 
specification and, thus, it is intended by the appended claims to cover all such features and 
advantages of the invention which fall within the true spirit and scope of the invention. Further, 
since numerous modifications and changes will readily occur to those skilled in the art, it is not 
desired to limit the invention to the exact construction and operation illustrated and described, 
and accordingly all suitable modifications and equivalents may be resorted to, falling within the 
scope of the invention. 
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